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Abstract  
Introduction: Obstetric fistula is an abnormal connection between the vagina and 
rectum and/or bladder which may develop after prolonged and obstructed labor which 
leads to continuous urinary or fecal incontinence. It is a serious problem in the world’s 
poorest countries, where most mothers give birth without any medical help. In most 
cases obstetric fistula can be treated if  carried  out  by  a competent  surgeon  and 
followed  up  with  proper postoperative  care. However, there remains to explore more 
on the duration of obstetric fistula recovery and determinant factors.  
Objective: The aim of this study was to estimate average recovery time of obstetric 
fistula and its determinant factors in Gondar University Teaching and Referral Hospital, 
northwest Ethiopia. 
Method: A retrospective follow up study was conducted at Gondar University Teaching 
and Referral Hospital. A total of 612 fistula cases were included in the study using 
simple random sampling technique. To explore the data Kaplan-Meier and log rank test 
were computed. Weibull regression survival model was done to identify determinant 
factors with recovery time of obstetric fistula. Univariate frailty was employed to 
accommodate unobservable effect of fistula patients.                                                                                                                              
Results: Among 612 patients, 539(88.07%) were recovered. Average recovery time 
was 5.14 weeks (95% CI: 4.74, 5.55). Antibiotic use (HR=1.50, 95% CI=1.10-2.03), 
history of ANC (HR=1.95, 95% CI=1.38-2.75), literate patients (HR=2.00, 95% CI=1.45-
2.77), length (HR=0.82, 95% CI=0.73-0.91) and width (HR=0.78, 95% CI=0.69-0.88) of 
fistula were predictors of rate of recovery.     
Conclusion: The average recovery time from obstetric fistula was 5.14 week. Small 
Length and width of fistula, patient educational status (literacy), antibiotic use and 
history of antenatal care visits help to shorten the recovery time of obstetric fistula. It is 
recommended to responsible body make Interventions based on these determinant 
factors.  
Key words: obstetric fistula, survival analysis, recovery time, Gondar  
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 1. INTRODUCTION 
1.1 Statement of the problem 
Obstetric fistula is abnormal connection between the rectum and vagina (recto vaginal 
fistula) or between the bladder and vagina (vesico vaginal fistula). Obstructed and 
prolonged labors are the most common causes of obstetric fistula. It is a serious 
problem in the world’s poorest countries, where most mothers give birth without any 
medical help (1-3). 
An estimated 2 million and above women live with obstetric fistula in  the developing 
world, and between 50,000 and 100,000 new cases develop each year(4, 5). Overall 
estimate of obstetric fistula is over one million in sub-Saharan Africa and South Asia. 
There are over 6000 new cases per year in these two world regions. The prevalence of 
obstetric fistula is 0.29 per 1000 women of reproductive age in the developing world. In 
sub Saharan Africa and South Asia the prevalence of Obstetric Fistula is 1.6 and 1.2 
per 1000 women of reproductive age respectively in 2013 (6).  
In Ethiopia, there were nearly 142,387 of obstetric fistula patients exist in 2013. Among 
Ethiopian women 10.6 per 1000 who ever given birth experience Obstetric Fistula in 
their life(7). Averagely about 700 case per year at Fistula Hospital in Addis Ababa and 
also suggested that the incidence is around 55 per 100,000 births in Ethiopia(8). 
Amhara Region is the second highest prevalent of Obstetric Fistula next to Tigray 
Region. The prevalence of obstetric fistula in Amhara region is 7 per 1000 women from 
reproductive age(9). 
In Ethiopia maternal health care service utilization particularly delivery and postnatal 
care are low. The fistula foundation stated that in 2011 there is only 6% Ethiopian 
women’s births attended by skilled personnel and 1 women have a chance will die 
during childbirth per 40 women(10) and Ethiopian demographic and health survey 
reported that utilization of delivery and postnatal care is only 10% and 7% in 2011(11) 
respectively. In 2016, Ethiopian demographic health survey reports in Amhara region 
noted that the coverage of delivery care is 27.1% and postnatal care is 18.4%(9). 
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Obstetric fistula has devastating effect on the women physically, socially and 
psychologically. Acid  in  the  urine and  faeces  cause  severe  sore on  the  legs  from  
the  continuous  dripping. It also causes of damage on the nerve, which affects walking 
and mobility. Women with fistula usually  limit intake of water and liquid to avoid the 
dripping which can lead to dehydration, infections as well as kidney failure and disease 
which can lead to death(12). It has an impact on patients’ the ability to work for the 
future concerned and support them. Most women loose husband and relative after 
develop Obstetric fistula. Most of the women expressed hope that the operation 
received will help them to recover from sickness and better life in the future(9, 13).  
 
The success rate of genitourinary fistula closure was 97.3% after surgical treatment. 
Women with type 1 fistula has more likely to follow successfully fistula closure relative 
with type 2–4. The size of the fistula and scarring fistulae are significant factors for 
incontinence and failure of closure, large size of fistula appear significantly less likely to 
be continent compared to small size of fistula(14).   
The repair success rates were 91% for 1- layer and 93% for 2-layer closure techniques 
and the short-term fistula repair success rate at 2-4 weeks post surgery(15). From the 
total patients’ who got surgical treatment 81.7% of them were physically cured with 4.64 
weeks averages recover time(16).  
Bladder, fistula and vaginal characteristics that were significantly associated with repair 
failures. Were bladders with complete urethral destruction, severe vaginal scarring, 
small bladders, and fistula that were circumferential or involved the urethra had less 
likely to successful surgical outcome(15).  
Age at first marriage, height and weight of patients, antenatal care practice, delivery 
place, duration of labor, mode of delivery, length and width of fistula and status of 
urethra has a significant effect to physically cure(16).   
The access of studies on the outcome of fistula surgery enables the factors of fistula 
surgical outcome were well known. However, there remains to explore more on the 
duration of obstetric fistula recovery and determinant factors. So this study aimed to 
identify determinant factors of time to recovery from obstetric fistula.   
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1.2 Literature review 
Only few studies have been carried out to determine the association factors with 
outcome of obstetric fistula treatment and recovery time across the world.  
1.2.1 Time to recovery of Obstetric Fistula  
The study conducted at Yirgalem Hamlin fistula center showed that 81.7% of patients 
were physically cured. The average time of patient recover from sickness is 4.64 
weeks(16). The other study stated that in Addis Ababa Hamlin Fistula Hospital the 
repair success rates were 89% and the short-term fistula repair success rate at 2-4 
weeks post surgery (15). 
1.2.2 Determinant factors 
Patient characteristics 
The age of first marriage below fifteen years takes more time to recover compare with 
those who married above sixty. The height of patients is related to recovery time; long 
patients (≥150cm) where cured in short time than shorter patients(<150 cm)  and 
patients weight less than 50 kg take short time to recover relatively with patients weight  
greater than 50 kg(16). Illiteracy was significantly association with long duration of labor 
and more stillbirths(17). 
Fistula characteristics  
The size of the fistula is related to risk of residual incontinence, women with larger than 
1.5 cm in diameter fistula an increased risk of incontinence. The women who had sever 
vaginal scaring is more likely to complain of urinary incontinence than the woman with 
no or minimal vaginal scarring(14, 15).  
The other institution based retrospective study conducted in Addis Ababa showed that 
Obstetric Fistula patients with minimal vaginal scarring had shorter recovery time 
relative with severs vaginal scaring. The recovery time of patient who have adequate 
bladder are shorter than who have small bladder volume. Damage of bladder tissue and 
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previous history of fistula repair affect the recovery time of Obstetric fistula. The length 
and width of fistula greater than 4 cm. is less likely to recover (18) 
Vaginal scarring and urethral involvement have association with repair outcome of 
Obstetric Fistula. Vagina scarring has negative association with closure and increased 
degrees of urethral involvement the time of fistula close is also increase(19). And the 
other study show patients with intact bladder neck and urethra were fast to recover 
relatively with damaged bladder neck and urethra(16). 
The size of fistula is significantly related with fistula closure, the maximum diameter less 
likely to cure relatively with small diameter (19). The hole of fistula length and width <2 
cm were faster to be recover than those who have greater than >2 cm(16). Patients who 
had treatment within three months of fistula development had better closure outcome 
than patients who had treatment outside three months(20).   
  
Obstetric factors 
Antenatal care (ANC) and delivery place have significant effect on recovery time of 
patients; patients having antenatal care follow up had shorter recovery time compared 
with patient who didn’t have ANC follow up. Patient who delivered at health institution 
had lower recovery time than those who delivered at home. Duration of labor is related 
with time to recovery, patients who labor for <2 day recover with in short period of time 
relatively with patients who labor > 2 day and mode of delivery is affect the recovery 
time, vaginal delivery is takes less time to cure than non vaginal delivery(16). 
Longer duration of labor is the case of more stillbirths, wider fistula, more commonly 
additional recto-vaginal fistula, more vaginal scarring and obliteration, more commonly 
impaired gait, less successful outcome following surgery. Weak antenatal care practice 
is positively related to longer duration of labor and urethral damage. Primparity had the 
strongest association with longer duration of labor, stillbirth, urethral damage and 
vaginal scarring(17).  
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Preoperative factors  
Patients who took Antibiotic prior to surgery had better outcome than patients who didn’t 
take Antibiotics. Duration of bladder catheterization on repair outcomes has significant 
impact.  Patients catheterized for 12 up to 14 days had significantly greater likelihood of 
residual incontinence than those catheterized for 10 days. Pimipara is more risk to 
develop obstetric fistula relatively with multipara (19).  
Farther more some socio demographic variables like marital status, residence and 
economical dependence of patient were included in this study to see the effects on time 
to recovery of obstetric fistula.   
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Figure 1: Conceptual frame work  
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1.3 Justification  
Obstetric fistula is most prevalent in poor communities. Ethiopia is one of the countries 
which have highly prevalent obstetric fistula patients and also Amhara region is the 
second highest prevalent of Obstetric Fistula next to Tigray region.    
Women’s with obstetric fistula is in great distress and rejected by their community if they 
do not receive timely treatment. Yet obstetric fistula is almost entirely preventable and in 
most cases can be treated successfully, and enables women to returns to their previous 
normal life. Which can  have  about 90%  success rate  if  carried  out  by  a competent  
surgeon  and followed  up  with  proper postoperative  care. Studies were available on 
the outcome of fistula surgery.  
However, there remains to explore more on the duration of obstetric fistula recovery 
after attain treatment and determinant factors. The motivation of this study was to 
identify determinant factors of time to recovery from obstetric fistula. 
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2 Objectives  
2.1 General objective 
To estimate the average recovery time of obstetric fistula and its determinant factors 
in Gondar University Teaching and Referral Hospital, Northwest Ethiopia 
2.2 Specific objectives  
 To estimate average recovery time from obstetric fistula.  
 To identify determinant factors that affect time to recovery from obstetric fistula  
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3. Methods    
3.1 Study design and period  
An Institutional based retrospective follow up study was conducted to estimate time to 
recovery from obstetric fistula and its determinant factors between January 2010 to 
march 2017 in Gondar University Teaching and Referral Hospital.  
3.2 Study setting 
The study setting was University of Gondar Referral Hospital. Gondar is situated in 
Amhara region, the second most populous region of Ethiopia.  The North  Gondar  
zone,  where  the  University  Hospital  of  Gondar  is  located,  is  one  of  the most 
populated zones (population of 3,061 220) in Amhara region. Women with obstetric 
complications this hospital that performs around 2-3 cesarean sections  a  day  and  
sees  a  minimum  of  3-4  cases  of  ruptured  uterus  a  week. Access to the hospital is 
difficult for women in rural villages. Although some women with obstructed labor may 
arrive to the hospital in time to have a cesarean section and save their baby, they may 
be too late to avoid the development of a fistula(21). 
Women And Health Alliance International (WAHA International) partnered with Gondar 
University Teaching and Referral hospital provide fistula repair surgery and integrate 
fistula care in 2010. WAHA International in collaboration with Fistula Foundation and 
UNFPA completed the 70-bed ward facility which includes two operating theatres and a 
physiotherapy unit aims to treat around 100 patients each month (22).  
3.3 Source and Study population 
The source population for this study was fistula patient who got the chance to treatment 
and study population was obstetric fistula patients’ who got the chance to be treated in 
Gondar University Teaching and Referral Hospital.  
3.4 Inclusion and exclusion criteria   
Inclusion criteria: All patients who got treatment in Gondar University Teaching and 
Referral Hospital from January 2010 to march 2017 were included in the study.  
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Exclusion criteria: Transferred out patients and patients who had incomplete chart   
were excluded from the study. 
3.5 Sample Size determination 
Sample size was determined by using sample size determination formula for time to 
event data.  
  =
     ⁄     
 
       
 (23)…………............................................................................................ (1) 
Where n is the required sample size,     ⁄  is the critical value of standard normal 
distributed variable at 5% significance level,    is the critical value of standard normal 
distributed variable at 20% of   and   is the probability of type two error, b is log 
(hazard ratio),    is the proportion of number of patients in the first category,    is the 
proportion of number of patients in the second category and d represents proportion of 
the event. In this case the proportion of recovered  patients due to obstetric fistula, d = 
0.817 which was taken from a previous study conducted at Yirgalem Hamlin Fistula 
Hospital(16).   
The sample size was calculated by using the above formula considers four key factors 
and finally the maximum sample size was taken. The required sample size was 612.           
Table 1: sample size determination by some key independent variables     
Factor  HR (b2=log2(HR)) P1 P2 Sample size 
Weight 0.409 (0.151) 0.61 0.39 267.13 ≈ 268 
Height 2.399 (0.144) 0.64 0.36 289.23 ≈ 290 
Antenatal care 0.263 (0.336) 0.36 0.64 124 
Mode of delivery  0.541 (0.071) 0.67 0.33 611.29 ≈  612 
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3.6 Sampling Procedure 
Simple random sampling  
A simple random sampling technique was employed. Simple random sampling is a 
method of selection a sample comprising of “n” number of sampling units out of the 
population having “N” number of sampling units. Each element has an equal probability 
of being selected from a list of all population units.  
Two thousand twenty seven fistula patients were treated in the hospital, from January 
2010 to march, 2017. The samples 612 patients from the total treated 2027 patients 
were selected by using R statistical software package.    
3.7 Variables of the study 
3.7.1 Dependent variable: Time to recovery of obstetric fistula.   
3.7.2 Independent variables:  
Patient characteristics: residence of patients, marital status, age, body mass index 
(BMI), educational status and Patients economically dependence. 
Obstetrics factors:  Antenatal care, Parity, Delivery place, Mode of delivery, Duration 
of labor and delivery out come 
Fistula characteristics: Duration between the onset of the fistula and time of surgical 
treatment, Width of fistula hole and Length of fistula hole 
Pre and post operative care factor: Antibiotic use and duration of bladder 
catheterization.  
3.8 Operational definition 
Recovery: If a patient control urine and/or faeces which is made by physician's 
decision.     
Time to recovery: from enrollment to recover.    
Censored: If no recovery in the study period, lost to follow up or death. 
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3.9 Data collection procedures  
3.9.1 Data collection tools and procedures 
Data collected from patient chart by prepared check list form. The data was collected by 
6 diploma midwives and nurses after 1 days training. 
3.9.2 Data quality control  
To assure the data quality, high emphasis was given in designing data collection 
instrument. Regular meetings were held between the data collectors, supervisor and the 
principal investigator together in which problematic issues were discussed and 
addressed. The collected data was reviewed and checked for completeness and 
consistence before data entry. 
3.9.3 Data processing  
The collected data was coded and entered to Epidata version 3.1 and exported to SPSS 
version 20 and STATA version 14. SPSS was used to compute and record variables 
and STATA version 14 was used for analysis.  
3.10 Data analysis   
3.10.1 Survival Analysis  
Survival analysis is a collection of statistical procedures for data analysis for which the 
outcome variable of interest is time until an event occurs. A survival analysis is 
considering a key analytical problem called censoring. In essence, censoring occurs 
when we have some information about individual survival time, but we don’t know the 
survival time exactly.  
The basic goals of survival analysis are to estimate survivor and/or hazard functions 
from survival data, to compare survivor and/or hazard functions and to assess the 
relationship of explanatory variables to survival time. 
The most common encountered form of a censored observation is one in which 
observation begins at the defined time, say t = 0 and terminates before the outcome of 
interest is observed(24).   
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Survival Function is a function, denoted by ( ), is defined as the probability that an 
individual survives longer than t. In this specific case Survival Function is the probability 
that patients recover longer than t.  
 ( ) =  (                         ℎ    ) ……………………………………………… (2) 
        =  (  >  )  
From the definition of the cumulative distribution function  ( ) of T, 
 ( ) = 1 −  (                         )  
= 1 −  ( )  
The hazard function ℎ( ) of survival time T gives the conditional failure rate. This is 
defined as the probability of recover during a very small time interval, assuming that the 
individual has not recover to the beginning of the interval, or as the limit of the 
probability that patients recover in a very short interval,   + ∆ , given that the patients  
has not recover to time t.   
ℎ( ) =
   ∆ →   
                                      ( ,  ∆ )
                                   
 
∆ 
  (25)……………………………… (3) 
3.10.1.1 Descriptive Methods for Survival Data Analysis 
Kaplan-Meier was used for estimate the distribution of recovery time and used to 
observe the experience of recovery time among each group for categorical covariates. 
Log-rank test was used for comparing the survival (recovery) experience between two 
or more groups.  
Kaplan Meier  
 The Kaplan–Meier (KM) method is an estimated survival probabilities are computed 
using a product limit formula. The goal is to estimate a population survival curve from a 
sample. A KM survival probability at failure time t(j) is the probability of surviving past the 
previous failure time t(j−1), multiplied by the conditional probability of surviving past time 
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t(j), given survival to at least time t(j). KM is non-parametric  methods so,  no assumptions  
are  made  about  the  distribution  on  the survival times.  
    ( )  = ∏  ̂    >  ( )/  ≥  ( ) 
   
     ………………………………………………………  (4) 
This is equivalent with  ∏
     
  
 / ( )  
  
Where   the number of fistula patients is recovered at time    and    is the number of 
individuals at risk right before time   . 
The Kaplan-Meier estimator is used to comparing the survival times from two or more 
groups plot into on the same graph. However this graph does not allow us to say, this 
difference is statistically significant difference or not with any confidence, the observed 
difference may be a true difference, but equally, it will also be due to chance variation.  
(25).     
3.10.1.2 Comparison of Survivorship Functions  
Comparison of survivorship is interest to compare the survival of one group of study 
subjects with another(26).  
Log Rank Test  
The Log rank test is a non-parametric method that compares two or more groups in 
regards of survival experience. Log rank test makes without any assumption about the 
shape of the survival curve. Under the null hypothesis states that Survival probability is 
equals in both groups it means that no association between the event and the group. 
The test is particularly powerful when the ratio between the two hazard functions being 
compared is constant across time(26). 
    =
 ∑ (     ̂  )
 
     
 
∑    
 
   
 ; ……………………………………………………….. (5) 
Where   ̂   =
     
  
 and      =  
        (     )
  
 (    )
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Where    is the number of fistula patients at time  ,    is number of recovered /event 
patients at time  ,    −    is number of patients that do not recovery at time  ,     is 
number of patients at time    for group 1,     is number of patients at time    for group 0 
    is number of recovered patients at time    from group 1and m is maximum time of 
follow up. 
3.10.2 Inferential analysis  
To identify determinant factors for recovery time, semi-parametric (Cox proportional 
hazard) and parametric methods like exponential, Weibull and Gompertz with univariate 
frailty was employed. Appropriate model for the data set chose by using AIC value.   
3.10.2.1 Cox Proportional Hazard Regression Model 
Cox regression is a regression method introduced by Sir David Cox in 1972 It is a 
model that relates the time that passes before some event occurs to one or more 
covariates that may be associated with that amount of time. This model produces a 
survival function that predicts the probability that an event has occurred at a given time 
t, for given predictor variables. Although the model is based on the assumption of 
proportional hazards, no particular form of probability distribution is assumed for the 
base line hazard. The model is therefore referred to as a semi-parametric model. During 
modeling, it leaves the baseline hazard rate unspecified. It estimates relative rather than 
absolute risk(24). 
The Cox Proportional Hazard Model is usually written in terms of the hazard model 
formula. This model gives an expression for the hazard at time t for an individual with a 
given specification of a set of explanatory variables denoted by X matrix with dimension 
of n × (p + 1). It is the product of two quantities,ℎ ( ), is the baseline hazard function 
and the exponential expression to  the linear sum of  ′    . It is generally given by: 
ℎ ( ,    ,  ) = ℎ ( )   ( ′  ) ……………………………………………………………… (6) 
The survivor function is  
  ( ,    ,  ) =   ( )   ( ′  ) (25) …………………………………………………………. (7) 
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Methods of estimation 
The Cox model parameters are derived by maximizing a likelihood function. The 
likelihood function is a mathematical expression which describes the joint probability of 
obtaining the data actually observed on the subjects in the study as a function of the 
unknown parameters (the β’s) in the model being considered. The likelihood function is 
sometimes written notational as L(β) where   denotes the collection of unknown 
parameters. The method of the MLE is to find an estimator of   that maximizes L(β). 
The construction of the Cox likelihood is based on the observed order of events rather 
than the joint distribution of events.  
 ( ) = ∏ {[ℎ(  ,   ,  )]
   × [ (  ,   ,  )]}
 
     …………………………………………………. (8) 
Where, c = 0 or 1, L(β) is the likelihood function,   denotes the collection of unknown 
parameters (24, 25) 
Thus the Cox likelihood is called a “partial” likelihood. The term “partial” likelihood is 
used because the likelihood formula considers probabilities only for those subjects who 
have experience event, and does not explicitly consider probabilities for those subjects 
who are censored.  
The maximization process is carried out by taking partial derivatives of log of  ( ) with 
respect to each parameter in the model. This solution is continued using iteration. That 
is, the solution is obtained in a stepwise manner. 
      
   
 = 0  (24) ………………………………………………………………………………….(9)                                                                            
3.10.2.2 Parametric Regression Models 
Exponential distribution 
The exponential distribution is described by the mean λ. A feature of the exponential 
distribution is that the instantaneous hazard does not vary over time. (27).  
The exponential model is the simplest type of parametric model in that it assumes that 
the baseline hazard is constant over time: 
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 ( ) =      ……………………………………………………………………………… (10) 
 ( ) = 1 −     …………………………………………………………………………... (11) 
 ( ) =      ………………………..……………………………………………………… (12) 
ℎ( ) =   ………………………..……………………….………………………………… (13) 
Weibull distribution 
The Weibull distribution is described by a scale parameter λ and shape parameter p. If p 
is less than 1 instantaneous hazard monotonically decreases with time, if p equals 1 
instantaneous hazard is constant over time (equivalent to the exponential distribution) 
and if p is greater than 1 instantaneous hazard increases with time(28).  
In a Weibull model it is assumed that the baseline hazard has a shape which gives rise 
to a Weibull distribution of survival times: 
The probability density function and cumulative distribution functions are, respectively, 
 ( ) =   ( )       (  )
        ≥ 0,  ,   > 0 ……………………………………….……... (14) 
 ( ) = 1 −     (  )
   ……………………………………………………………….…….... (15) 
 ( ) =     (  )
   ……………………………………………………………………..….….. (16) 
ℎ( ) =        …………………………………………………………………………...… (17) 
(29). 
Gompertz Distribution  
A random variable T (time) follows a Gompertz distribution with parameters   and   
( ~ ( ,  ))    
Probability density function,  ( ) =       
 
 
 
       
……………………….….………(18) 
Cumulative density function  ( ) = 1 −  
 
 
 
       
…………………………….……..(19) 
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Survival function  ( ) =   
 
 
 
       
 …………………………………………….……...(20) 
Hazard function ℎ( ) =     …………………………………………………….………(21) 
The hazard function is increasing starting from   at time zero. For parameter values   < 
0, the hazard function is decreasing, and the cumulative hazard converges to the 
constant − 
 
 
for   → ∞ so that not all individuals in the population experience the event 
under study (30) 
3.10.2.3 Frailty model  
Heterogeneity due to unobserved covariates is increased the total variability of the 
hazard function, it produces biased estimates. It is impossible to include all important 
risk factors, in such cases it is useful to consider two sources of variability in the data. 
Variability accounted for by observable risk factors included in the model and 
heterogeneity caused by unknown covariates. An estimate of the individual hazard rate 
without taking into account the unobserved frailty will thus underestimate or 
overestimate the hazard function. To be aware of such effects, mixture models could be 
used. The non observable risks are described by the mixture variable, which is called 
frailty in survival analysis. It is a random variable that is assumed to follow some 
distribution. Based on the choice of frailty distribution, the variance in frailty determines 
the degree of unobserved heterogeneity and deals as an indicator for important risk 
factors missing in the proportional hazards model(30). 
The hazard function of an individual depends on an unobservable, time-independent 
random variable Z. 
The unobservable random variable acts multiplicatively on the baseline hazard function.  
ℎ( / )=  ℎ0( )…………………………………………………………………………..(22) 
Unobservable random variable is considered a nonnegative random mixture variable, 
varying across the population. The variance (  ) of Z is interpretable as a measure of 
heterogeneity across the population in baseline risk. When    is small, the values of Z 
19 
 
are closely located around one. If    is large, then values of Z are more dispersed, 
inducing greater heterogeneity in the individual hazards  ℎ0( ).  
The likelihood of the data is  
 ( ,  ) = ∏ (    (  ) 
    ) 
 
exp (−    (  ) 
    )     (30)………………………..….….(23) 
3.10.3 Model selection  
To select the model that appropriate fit model can predict the survival time of obstetric 
fistula patients, was use Akaikie information criterion (AIC) statistic to compare different 
models. The value is compute as: 
AIC = -2log (likelihood) + 2p ……………………………………………………………… (24) 
Where p is the number of covariates in the model without including the constant term, 
According to the criterion, a model with small AIC value was considered as a best fit to 
the data(26). 
3.10.4 Model processing and adequacy assessment   
To fit the proportional hazard model, proportional hazards assumption must be checked. 
Graphical techniques, partial residuals for the test of proportional hazards assumption 
and test the significance of the interaction term with time was included in the model. The 
interaction term insignificance indicates the proportional hazard assumption is hold. The 
Schoenfeld residual graph shows no systematic pattern also indicates proportional 
hazard was satisfied. The factor significantly associated with time to recovery of 
obstetric fistula in single covariate analysis at p-value less than 0.25 were included in 
the multiple covariate analysis.     
To assess adequacy of the final mode likelihood ratio formal test and Cox-Snell 
graphical assessment were employed.      
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4. Ethical consideration 
Ethical  clearance  was  obtained  from  Ethical  review  committee  of  university  of 
Gondar, Ethical review board. Also permission letter from Amhara regional lab and in 
Gondar University Teaching and Referral Hospital from Clinical Director, gynecology 
and obstetrics department, fistula ward head and information and statistics coordinator 
was obtained. To keep the confidentiality of the patient, the name of the patient was not 
recorded.  
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5 Results  
5.1 Socio-demographic and obstetric characteristics 
This study included 612 obstetric fistula patients, which were obtained from Gondar 
University Teaching and Referral Hospital. The majority of fistula women, 540(88.24%) 
were from rural. Three hundred eighty seven (63.23%) were married and out of the total 
patients 394(64.38%) of them were illiterate. From the total patient, 273(44.61%) were 
found 21-30 age group. Two hundred ninety two (47.71%) patients were economically 
dependent. Among patients, 273(44.68%) were normal weight (table 2).  
Nearly half (50.98%) of the case were multiparous. From the total patients, only 
203(33.17%) had attended antenatal care and 495 (80.88%) of them delivered at home. 
Five hundred twenty six (85.95%) patients had vaginal delivery and the outcome of 
delivery, 259(42.32%) was still-birth. Out of the total patients who have got a treatment, 
372(60.78%) used antibiotic (table 2).   
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Table 2: Socio-demographic and obstetric characteristics among fistula patients at 
Gondar University Teaching and Referral Hospital, during 2010-2017   
Variable  Category Frequency  Percent (%) 
Residence  
 
 
Urban 
Rural 
 72 
540 
11.76 
88.24 
Marital status single 
Married 
Divorced  
Widowed 
Separate 
 
27 
387 
114 
33  
51 
4.42 
63.23 
18.63 
5.39 
8.33 
Educational status 
 
 
Illiterate 
Literate 
394 
218  
64.38 
35.62 
Age 
 
 
  
<=20 
21-30 
>=30 
138 
273 
201 
22.55 
44.61 
(32.84 
Economical 
dependence  
Dependent  
Independent 
292 
320 
47.71 
52.29 
BM Under weight 
Normal weight 
Over weight 
Obesity  
212 
273 
98 
28 
34.70  
44.68 
16.04 
4.58 
 
Parity  
 
Primiparous   
Multiparous 
300  
312  
49.02 
50.98 
Antenatal care 
follow-up 
 
Yes 
No 
203 
409 
33.17 
66.83 
Delivery place  
 
Home 
Health service 
495  
117  
80.88 
19.12 
Mode of delivery 
 
Vaginal 
Non-vaginal 
526 
86 
85.95 
14.05 
Outcome of 
delivery  
 
Still-birth 
Alive 
256 
347 
41.83 
57.55  
Antibiotic use  Use 
don’t use 
372  
240  
60.78   
39.22           
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5.2 Time of recovery and comparison of survival experiences by different 
factors  
5.2.1 Time of recovery 
Among the patients 88.07% (95% CI= 85.25-90.42) of them were recovered. The 
average recovery time of patients was 5.14 (95% CI= 4.74, 5.55) weeks.   
 
Figure 2:Kaplan-Meier estimator curve for the recovery time of obstetric fistula patients 
(at Gondar University Teaching and Referral Hospital, during 2010-2017).   
5.2.2 Comparison of survival experiences by different factors  
The average recovery time of patients was 4 week for urban women and 5.86 week for 
rural women. Kaplan-Meier curve was plotted in figure 3. This figure shows that rural 
patients had taken more time to recover relatively with urban patients. This impression 
was confirmed using formal hypothesis tests in Table 3 below shows; log-rank tests 
identify significant difference recovery time between urban and rural patients.  
The average recovery times were 4.86 week for married women. The survival 
experience based on marital status of patients, the Kaplan-Meier curve in figure 4 in 
appendix 4 shows that the line of survival estimator curve had slightly difference, but the 
result of formal test (log-rank test in table 3) result indicates that there is no statistical 
significant difference between each marital status group.  
The average recovery time of illiterate patients’ was 7.29 weeks. The Kaplan-Meier 
curve in figure 3 show that illiterate patients had taken long time to recover compare 
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with literate patients, this impression was confirmed by log-rank test in table 3 there is 
statistical significance deference between illiterate and literate patients recovery time.  
 
Economical dependent patient recovery time was longer than economical independent 
patients. Average recovery time for economical dependent patients was 7.29 weeks and 
4.43 weeks for economical independent patients. The Kaplan-Meier curve in figure 4 in 
appendix 4 shows the survival experience of economical dependent patients had higher 
than economical independent patients. And log-rank test result in table 3 show there is 
statistical significance difference between economical dependent and independent 
patients recovery time. 
Average recovery time was 5.9 and 4.7 weeks for primiparous and multiparous 
respectively. Primiparous had long time to recover relatively with multiparous. Kaplan-
Meier curve was plotted in figure 4 appendix 4; this figure shows that the survival 
experience of primiparous was higher. The log-rank test (in table 3) result is shows 
statistical significance difference.  
The average recovery time for these patients who had attended antenatal care was 3.57 
week while 8.29 weeks for those who didn’t have antenatal care visit. The experience of 
recovery time for patients who had antenatal care visit was shorter than patients who 
had not antenatal care visit, Kaplan-Meier curve in figure 3. The log-rank test result (in 
table 3) shows that there is a significant difference among groups. 
The average recovery time was 4.43 weeks for patients who had delivered at health 
institution. The Kaplan-Meier curve in figure 4, in appendix 4 indicates that Patients who 
had delivered at home had longer recovery time than patients, who had delivered at 
health institution. Log-rank test result also shows that statistically significance difference 
at 5% level of significance.  
The experiences of recovery time for both vaginal and non-vaginal mode of delivery, the 
line of Kaplan-Meier estimator curve in figure 4 in appendix 4 were overlap each other. 
The average recovery time was 4.71 weeks for non-vaginal delivery. The log-rank test 
result was not significant.  
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Based on outcome of delivery, the average recovery time was 6.43 weeks for patients 
who had still-birth delivery outcome.  There is statistical significance deference recovery 
time by log-rank test. The Kaplan-Meier curve in 4 in appendix 4 shows that patients 
who have alive delivery outcome had short recovery time compare with patients who 
had still-born. 
Their average recovery time was 8.29 weeks for patients who didn’t use antibiotic. The 
Kaplan-Meier estimator curve in figure 3 indicates patients who used antibiotic had short 
recovery time also in log-rank test their statistically significance deference on recovery 
time. 
The average recovery time was 10.43 week for obesity patients. The result of log-rank 
test by patient body mass index was statistical significance difference at 5% level of 
significance in table 4. Kaplan-Meier curve in figure 4 in appendix 4 showed that had 
some variation of recovery time among different body mass index status.  
Average recovery time was 4.14, 5.43 and 5.86 week, for age group </=20, 21-30 and 
>/=30 respectively. The Kaplan-Meier curve by patient age group figure 4 in appendix 4, 
the recovery time of patient age greater than 30 had taken longer time relatively age 
group between 30-21 and less than 21. Log-rank test result by age group showed that 
significant difference by age group.  
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Figure 3:KM estimators of survival for the variable antibiotic use, ANC, educational 
status and residence (at Gondar University Teaching and Referral Hospital, during 
2010-2017).   
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Table 3: Comparison of survival time to recovery experience of obstetric fistula patients 
by log-rank test (at Gondar University Teaching and Referral Hospital, during 2010-
2017).  
Variables  Average(median) 
recovery time in 
week   
Chi-
square  
Degree of 
freedom  
Significance  
Residence  
Urban 
Rural 
 
4 
5.86  
    27.97 1 <0.001 
Marital status  
single 
Married 
Divorced  
Widowed 
Separate 
 
5.14 
4.86  
5.43 
7.14 
7.29 
3.47 4 0.453 
Age 
<=20 
21-30 
>=30 
 
4.14 
5.43 
5.86 
8.58 2 0.014 
BMI 
Under weight 
Normal weight 
Over weight 
Obesity  
 
3.57  
5.29 
8.86 
10.43 
76.07 3 <0.001 
Educational status 
Illiterate 
Literate  
 
7.29 
3.43   
174.18 1 <0.001 
Economical 
dependence  
Dependent  
Independent 
 
 
7.29  
4.43         
49.72 1 <0.001 
Parity  
Primiparous   
Multiparous 
 
5.86 
4.86          
8.60 1 0.003 
Antenatal care  
Yes 
No  
 
3.57 
8.43           
 
166.69 
 
1 
 
<0.001 
Delivery place  
Home 
Health service  
 
6.57 
4.43 
22.19 1 <0.001 
Mode of delivery 
Vaginal 
Non-vaginal 
 
5.29 
4.71 
.840 1 0.359 
Outcome of delivery   10.60 1 <0.001 
28 
 
still-birth 
alive 
6.43 
4.57 
     
Antibiotic use  
use 
don’t use 
 
4.43 
8.57           
90.35 1 <0.001 
 
5.3 Assessment of proportional hazard Assumption  
The proportional hazard assumption was checked by fitting the extended Cox 
regression covariates interaction with time at 5% level of significant. Table 4 shows 
none of covariates were statistically significant association. This result indicates that the 
proportional hazard assumption was satisfied at 5% level of significant. The plot of the 
scaled Schoenfeld in Figure 6 in Appendix 5 also shows that the residuals are random 
without any systematic pattern.  
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Table 4: Test for proportional hazards assumption of the covariates with their interaction 
with time (at Gondar University Teaching and Referral Hospital, during 2010-2017). 
Variables interacted with Time. Hazard 
ratio  
P-value [95% Conf. 
Interval] 
Marital status  
Single  
Married  
Divorced                            
Widowed 
Separate 
 
1 
0.98 
0.99 
1.15 
1.07 
 
 
0.63 
0.97 
0.06 
0.25 
 
 
0.88   1.08 
0.90   1.11 
0.99   1.34 
0.95   1.21 
Economical dependence  
Dependent 
Independent  
 
1 
1.02 
 
 
0.55 
 
 
0. 96   1.08 
Delivery outcome  
still-birth 
alive 
 
1 
0.93 
 
 
0.46 
 
 
0.85   1.03 
Age 
<=20 
21-30 
>=30 
 
1 
1.07 
1.05 
 
 
0.06 
0.18 
 
 
0.99   1.13 
0.98   1.13 
Parity  
Primiparous 
Multiparous 
 
1 
0.97 
 
 
0.63 
 
 
0.84  1.12 
Delivery place  
Home 
Health service  
 
1 
0.99 
 
 
0.67 
 
 
0.92   1.05 
Mode of delivery 
Vaginal  
Non-Vaginal  
 
 
1 
1.00 
 
 
0.99 
 
 
0.93   1.07 
Duration of labor  0.99 0.48 0.99   1.03 
Duration b/n the onset of the 
fistula and got treatment 
 
 
0.99 
 
0.62 
 
0.89   1.01 
Antibiotic use  
Don’t use 
Use  
 
1 
0.97 
 
 
0.27 
 
 
0.92   1.02 
Residence  
Urban 
Rural  
 
1 
1.03 
 
 
0.46 
 
 
0.95   1.11 
Antenatal care visit  
Don’t use 
Used   
 
1 
0.98 
 
 
0.53 
 
 
0.91   1.05 
Duration of bladder 
catheterization  
0.99 0.47 0.99   1.02 
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BMI  
Normal weight  
Under weight 
Over weight 
Obesity 
 
1 
1.02 
0.98 
1.03 
 
 
0.21 
0.30 
0.24 
 
 
0.99   1.05 
0.96   1.02 
0.98   1.07 
Length of fistula hole  1.02 0.06 0.99   1.04 
Width of fistula hole 1.02 0.09 0.99   1.04 
Educational status 
Illiterate 
Literate  
 
1 
1.12 
 
 
0.55 
 
 
0.82   1.58 
 
5.4 model selection  
Identifying appropriate model for a given data helps to get best parameter estimation. 
Cox proportional hazard model (without specifying any distribution for base line hazard 
function), parametric (specifying distribution for base line hazard function) models and 
parametric models with univariate frailty were the proposed models. In this case, we 
used Akaikie Information Criterion (AIC) to compare the models. A criterion to select a 
model was the lowest value of AIC. From Table 5 the Weibull regression for base line 
hazard and gamma for frailty model has the smallest AIC value (763.43). This indicates 
that Weibull regression for base line hazard and gamma for frailty model is the most 
efficient model to describe the data of obstetric fistula patients.  
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Table 5: AIC value for different models 
Model  Base line 
hazard   
Frailty  Variance for 
frailty  
AIC 
Cox 
regression 
Unspecified    4995.39 
Exponential 
regression 
Exponential    1247.72     
Gompertz 
regression 
Gompertz    984.28    
Univariate  
frailty  
Gompertz Gamma 2.86 
(p-value< 0.001) 
905.37   
Univariate  
frailty 
Gompertz Inverse-
Gaussian 
0.21 
(p-value<0.003) 
978.89  
Weibull 
regression 
Weibull   830.83  
Univariate  
frailty 
Weibull Gamma 0.50  
(p-value<0.001) 
763.43 
Univariate  
frailty  
Weibull Inverse-
Gaussian  
.95  
(p-value<0.001) 
806.87  
 
5.5 Results of Single Covariate Analysis  
The main objective of model development is to obtain a model that satisfactorily 
describes the data at hand. Single covariate analysis is an appropriate procedure to 
screen out potentially important variables before directly included in the multivariable 
model. We used univariate analysis in order to see the effect of each covariate on the 
time-to-recovery before proceeding to the multivariable analysis, at 25% relaxed level of 
significance.   
In single covariate analysis economical dependence, delivery outcome, age, Parity, 
delivery place, duration of labor, antibiotic use, duration of bladder catheterization, 
residence, antenatal care visit, BMI, length of fistula hole, width of fistula hole and 
educational status had  significant effect on recovery time of obstetric fistula patients at 
25% level of significance.  
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5.6 Results of Multiple Covariates Analysis 
 
In order to decide whether or not a variable is significant, the p-value less than or equal 
to 5% significance level was considered as important variables. Recovery time of 
obstetric fistula patients was significantly related with length of fistula hole, width of 
fistula hole, antibiotic use, antenatal care visit and educational status (Table 6).  
In patients who had used antibiotic, the rate of recovery was higher by 50% (HR=1.50, 
CI=1.10-2.03) than those who had not used antibiotic. Among patients who had ANC 
follow up, the rate of recovery was higher by 95% (HR=1.95, CI=1.38-2.75) than 
patients who had no ANC follow up history. The rate of recovery for literate patients was 
2 times higher (HR=2.00, CI=1.45-2.78) than illiterate patients. 
When the length of fistula hole increased by one centimeter the rate of recovery time 
decreased by 18% (HR=0.82, CI=0.73-0.91). Additionally, when the width of fistula 
increased by a centimeter; the rate of recovery decreased by 22% (HR=0.78, CI=0.69-
0.88) (table 6).  
The variance of the frailty was significant, for weibull baseline hazard function with 
gamma univariate frailty in the model. This indicates the presence of unobservable 
effect and the necessarily of univariate frailty model. The variance of random effect was 
0.50. The variation of unobservable effect among individual is 0.50. 
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Table 6: The result of multiple covariate analysis by Weibull regression with gamma 
frailty model the recovery time of obstetric fistula patients (at Gondar University 
Teaching and Referral Hospital, during 2010-2017) 
Variables    Crud hazard ratio  Adjusted hazard ratio  
  
CHR (95% CI)  AHR (95% CI) 
Economical dependence  
Dependent 
Independent  
 
1 
1.92 
 
 
1.62   2.26 
 
1 
1.25 
 
 
0. 94   1.66 
Delivery outcome  
still-born 
alive 
 
1 
1.35 
 
 
1.14   1.60 
 
1 
1.19 
 
 
0.90   1.57 
Age 
 <=20 
21-30 
>=30 
 
1 
0.81 
0.71 
 
 
0.65   1.01  
0.56   0.89 
 
1 
0.77 
0.75 
 
 
0.53   1.11 
0.49   1.13 
BMI  
Normal weight  
Under weight 
Over weight 
Obesity  
 
1 
1.63 
0.63 
0.41 
 
 
1.35  1.98 
0.49   0.81 
0.27   0.62  
 
1 
1.81 
0.74 
1.01 
 
 
0.87   3.76 
0.51   1.06 
0.55   1.85 
Parity  
Primiparous 
Multiparous 
 
1 
1.28 
 
 
1.08   1.52  
 
1 
1.04 
 
 
0.64   1.70 
Delivery place  
Home 
Health service  
 
 
1 
1.48 
 
 
1.25   1.75 
 
 
1 
1.05 
 
 
0.82   1.35 
Duration of labor  0.96 0.94   0.97 0.99 0.91   1.07 
Antibiotic use  
Didn’t use 
Use  
 
1 
2.34 
 
 
1.95   2.79  
 
1 
1.50  
 
 
1.10    2.03 
Residence  
Urban 
Rural  
 
1 
0.67 
 
 
0.45   0.69  
 
1 
0.67 
 
 
0.68   1.04 
Antenatal care visit  
Don’t use 
Used   
 
 
1 
3.34 
 
 
2.80   4.00 
  
 
1 
1.95 
 
 
1.38   2.75 
 
Duration of bladder 
catheterization  
 
1.009 
 
1.005   1.013 
 
0.99 0.98   1.02 
Length of fistula hole  0.72 0.68    0.76 0.82 0.73   0.91 
Width of fistula hole 0.64 0.59   0.69 0.78 0.69   0.88 
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Educational status 
Illiterate 
Literate  
 
1 
3.97 
 
 
3.26    4.84  
 
1 
2.01 
 
 
1.45   2.78 
Constant   0.012     0.01   0.03 
 
Parameters for baseline 
distribution and frailty   
Value 95% CI 
P  3.24 2.86    3.67 
Theta   0.50 0.30    0.81 
 
LR test of theta=0:  chibar2 = 33.43                P >= ∣chibar2∣ <  0.001 
 
LR = Likelihood Ratio    
P = shape parameter for weibull distribution  
Theta = variance of frailty term   
 
 
5.7 Assessment of Adequacy of the weibull regression with gamma frailty 
model 
Likelihood ratio test and Cox-Snell were used to check the adequacy of the final model. 
The likelihood ratio test (table 7) below showed the null model and the full model has a 
significant difference.  It indicates the full model has improvement after the covariates 
were added in the model. The Cox-Snell residual plot in figure 5 Appendix 5 Cumulative 
hazard versus Cox-Snell residual approximate a straight line with slope 1.    
Table 7: The likelihood ratio and significance of the Weibull regression with gamma 
frailty model 
Log likelihood (null) Log 
likelihood(full) 
Chi-square  Degree of 
freedom  
p-value 
-672.87   -356.72                 497.05 17 P<0.001 
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6 Discussion 
The main objective of this study was to estimate average recovery time of obstetric 
fistula and identify factors that affect time to recovery from obstetric fistula. The result of 
the study showed that nearly nine in ten (88.07%) patients were recovered and the 
average recovery time was 5.14 weeks. From multivariable analysis, we found that, 
antibiotic use, history of antenatal care, length of fistula, width of fistula and educational 
status were significantly affecting the time of recovery at 5% level of significance. 
The proportion of recovered patients was 88.07% (95% CI: 85.25%, 90.42%). This 
study finding was in line with a study conducted in Addis Ababa (15). However, this 
proportion of recovery was higher than a study conducted at Yirgalem Hamlin Fistula 
Hospital(16), the discrepancy may be occurred the difference of the data duration 
included in the study. In this study included 7 years data, but counter study include only 
one year data. The average recovery time was 5.14 week; Which is nearly the same as 
the finding of a study conducted at Yirgalem Hamlin Fistula Hospital(16).  
The result obtained from this study indicated that when the length and width of fistula 
was increased, the recovery time was increased. This result is in line with studies 
conducted in Addis Ababa(14, 18) and a systematic review in developing countries(19). 
The recovery time of patients who had history of ANC follow up was relatively shorter 
than patients who had not ANC follow up. This finding was in agreement with(16).These 
patients might have better awareness about postpartum danger signs and complications 
and might get general counseling services regarding health care seeking behavior. 
The rate of recovery time from obstetric fistula among patients who had used antibiotic 
was improved by 50%. Antibiotic used patients have a short recovery time compared 
with those who had not use antibiotic. This study was agreement with a systematic 
review in developing countries (19). Antibiotic is helps to prevent from certain infections 
by stop bacteria from reproducing or destroy them, which in turn reduces fistula 
recovery time,  
Educational status of patients had a significant effect on the recovery time of obstetric 
fistula patients. The rate of recovery for literate patients was 2 times higher than illiterate 
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patients. Literate patients had short time recovery relatively with illiterate patients. There 
is no study directly related to recovery time of obstetric fistula. But institutional based 
study conducted in Addis Ababa (17) showed educational status associated with longer 
duration of labor and more still-birth. It could be had indirect effect on recovery time of 
obstetric fistula and it might be literate patients reached to the information about the 
availability of treatment of obstetric fistula and better health seeking behavior.    
The study conducted in Addis Ababa (15) stated that circumferential or involved the 
urethra, small residual bladder size and  severe or complete vaginal scarring  were risk 
factors for repair failures. Additionally a systematic review in developing countries (19) 
showed the scarring of vagina, increased degrees of urethral involvement and smaller 
bladder size were the risk factors for failure to close the fistula. However did not see the 
effect of those parameter in this study because of the unavailability of documentation 
those variable in the chart information.  
The effect of age at first marriage on the recovery time of obstetric fistula was 
conducted (16), the recovery time was short for patient who had married after twenty 
years relatively with patient who had married early before fifteen years. But age at first 
marriage of patient not include the patient chart information so, did not know the effect 
of age at first marriage on time to recovery in this study.     
Strength and limitation of the study    
The strength of this study was include a longer follow-up period, from starting until the 
current and analysis by account unobservable effect by univariate frailty model. The 
limitation of this study was the study was conducted from secondary data; some 
important predictor variables were not included from the patient chart information and 
some included variables had incomplete. The other limitation was lack of literature 
related to the recovery time of obstetric fistula.    
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7 Conclusion 
The average recovery time from obstetric fistula was 5.14 week. Small Length and width 
of fistula, patient educational status (literacy), antibiotic use and history of antenatal 
care visits were helps to shorten the recovery time of obstetric fistula at 5% level of 
significance.  
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8 Recommendations 
The following recommendations are made; 
To Amhara region health bureau  
 It is better to strengthening ANC  coverage 
 It is better to make awareness the benefit of health seeking for illiterates.  
To Gondar university teaching and referral hospital 
 It is better to give antibiotics before surgery for obstetric fistula patients to shorten 
the recovery time. 
 It should be cautious when patients large length and width of fistula.   
To researchers  
 Account frailty term provide better predictions to the survival probability compare 
with without account frailty term. So, future researchers should have to use frailty 
model.   
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10.  Appendix  
Appendix 1:  Information Sheet  
Title of the research project: Time to recovery from obstetric fistula and its 
determinant factors in Gondar University Teaching and Referral Hospital, northwest 
Ethiopia, 2017     
Name of the organization: University of Gondar, College of Medicine and Health 
Sciences, Institute of Public Heath, Department Epidemiology and Biostatistics  
Sponsor: University of Gondar  
Introduction  
My name is Leltework Yismaw post graduate student at University of Gondar for 
masters’ degree in public health; I am doing a research to estimate the average 
recovery time of obstetric fistula and its determinant factors as part of my study course. 
This research includes one principal investigator and two advisors from Gondar 
University.   
Confidentiality and Anonymity  
The information that collect for this research will be kept confidential. All information will 
be retrieved from the individual patient card without mentioning the name of patients. 
Information about patients that will be collected during the research will be stored in a 
file. 
Benefits and Risk: To conduct this study we use secondary data source, may not get 
direct benefit for included patients from the study but is likely to help us to estimate the 
average recovery time of obstetric fistula and its determinant factors. In addition finally, 
it will give an insight for policy makers and programmers to design new interventions. By 
participating in this research project not be a problem since names or ID number will not 
be written on the check list.  
Persons to contact 
This research proposal is reviewed and approved by the Ethical Review board of 
University of Gondar. If you wish to find about more or if you want to ask questions 
anytime you can use the contact addresses below: 
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1. Leltework Yismaw :University of Gondar    
      Tel: +251962883342                                      E-mail: lielt.yismaw@gmail.com 
2.  Dr. Kassahun Alemu. (Associate Professor) 
          Tel: +251911752466                                       E-mail: kassalemu@gmail.com    
3. Mr. Abebaw Addis (MPH)          
         Tel: +251910905798                                       E-mail: ababaw.addis@gmail.com 
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Appendix 2: Data collection Check list   
This checklist was prepared for the collection of Patient characteristics, Obstetrics 
factors, Fistula characteristics, Preoperative factor and outcome variable that are 
important for to conduct. Time to recovery from obstetric fistula and its determinant 
factors in Gondar University Teaching and Referral hospital, all this information was 
retrieved from the individual patient card without mentioning the name of patients. This 
information was collected by health care providers (nurse or midwife).  
Contact Information Leltework Yismaw Tel +251-962-88-33-42   
S.No Variables  Categories  
1 Date of enrollment ----/-----/----- 
2 Date of last visit   ----/-----/----- 
3 Event  1 Recovered                                   2 censored  
4 Marital status 1 single                  2 married         3 Divorced                    
4 widowed             5 Separated  
5 Educational status  1 illiteracy                                    2 literacy  
6 Economical dependence   1 Dependent                                2 Independent  
7 Outcome of delivery  1 Still born                                    2 Alive        
8 Age at first marriage  ______________ 
9 Age of women at treatment ______________ 
10 Height of patient in cm __________________                        
11 Weight of patient in kg __________________    
12 Antenatal care 1 yes                  2 no 
14 Parity  1 primiparous               2 multiparous  
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15 Delivery place 1 home               2 health center 
16 Mode of delivery  1 vaginal  2 non-vaginal 
17 Duration of labor in day   _______________________ 
18 Duration between the onset 
of the fistula and time of got 
treatment  
 
_______________________ 
19 Width of fistula hole in cm _______________________ 
20 Length of fistula hole  _______________________ 
21 Status of urethra 1 Intact          2. Partially damaged                 
 3.  complete destructed 
22 Status of bladder neck 
 
1 Intact          2. partially damaged          
 3.  complete destructed 
23 Status of vagina 1 minimal scarring                   2 sever scarring 
24 Antibiotic use 1 yes                                        2  no 
25 Duration of bladder 
catheterization in day  
____________________  
 
Collected by: Name ______________________Signature ____________Date  
Supervised by: Name _____________________signature ____________Date  
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Appendix 3:  
Table 8: Results of Single covariate analysis using Weibull distribution for base line 
hazard on the time to recovery of obstetric fistula patients (at Gondar University 
Teaching and Referral Hospital, during 2010-2017).  
Variables  Hazard 
ratio  
P-value [95% Conf. 
Interval] 
Marital status  
Single  
Married  
Divorced                            
Widowed 
Separate 
_cons 
 
1 
1.174 
1.067 
1.013 
0.897 
0.044 
 
 
0.476 
0.786 
0.966 
0.683 
<0.001 
 
 
0.756   1.834 
0.667   1.707 
0.572   1.791 
0.532   1.511 
0.027   0.071    
Economical dependence  
Dependent 
Independent  
_cons 
 
1 
1.923 
0.031 
 
 
<0.001 
<0.001 
 
 
1.618   2.256 
0.024   0.040    
Delivery outcome  
still-birth 
alive 
_cons  
 
1 
1.348 
0.040 
 
 
<0.001 
<0.001 
 
 
1.135   1.601 
0.032   0.053 
 Age  
<= 20 
21-30 
>30 
_cons  
 
 
0.810 
0.706 
0.060 
 
 
0.056 
0.003 
<0.001 
 
 
0.652   1.005  
0.560   0.890 
0.046   0.079  
Parity  
Primiparous  
Multiparous  
_cons  
 
1 
1.282 
0.040 
 
 
0.004 
<0.001 
 
 
1.082   1.520 
0.032   0.054    
Delivery place  
Home 
Health service  
_cons  
 
1 
1.477 
0.039 
 
 
<0.001 
<0.001 
 
 
1.247   1.750 
0.030   0.050 
Mode of delivery 
Vaginal 
Non-vaginal 
_cons 
 
1 
1.085 
0.048 
 
 
0.412 
<0.001 
 
 
0.892   1.320 
0.038   0.061 
Duration of labor  
_cons  
0.957 
0.104 
<0.001 
<0.001 
0.941   0.973 
0.073   0.148 
Duration b/n the onset of 
the fistula and got 
treatment 
 
0.997 
0.054 
 
0.269 
<0.001 
 
0.993   1.002 
0.041   0.072 
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_cons  
Antibiotic use  
Don’t use 
Use  
_cons 
 
1 
2.336 
0.025 
 
 
<0.001 
<0.001 
 
 
1.954   2.792 
0.019   0.033 
Duration of bladder 
catheterization   
_cons  
 
1.009 
0.042 
 
  0.021 
<0.001 
 
1.005   1.013  
0.031   0.056 
Residence  
Urban 
Rural  
_cons 
 
1 
0.561 
0.075 
 
 
<0.001 
<0.001 
 
 
0.454   0.693 
0.057   0.098 
Antenatal care visit  
Don’t use 
Used  
_cons  
 
1 
3.344 
0.020 
 
 
<0.001 
<0.001 
 
 
2.795   4.000 
0.015   0.026 
  BMI 
Normal weight  
Under weight 
Over weight 
Obesity 
_cons  
 
1 
1.634 
0.632 
0.411 
0.041 
 
 
<0.001 
<0.001 
<0.001 
<0.001 
 
 
1.348  1.981 
0.493   0.807 
0.272   0.622 
0.032   0.053 
Length of fistula hole  
_cons 
0.720 
0.091 
<0.001 
<0.001 
0.682   0.760 
0.071   0.116 
Width of fistula hole 
_cons 
0.637 
0.114 
<0.001 
<0.001 
0.592   0.685 
0.088   0.147 
Educational status 
Illiterate 
Literate  
_cons 
 
1 
3.970 
0.020 
 
 
<0.001 
<0.001  
 
 
3.256   4.842 
0.014   0.026 
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Appendix 4: Kaplan-Meier estimator survival curve of time to recovery from obstetric 
fistula by categorical covariates  
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Figure 4: Kaplan-Meier estimator survival curve of time to recovery from obstetric fistula 
by categorical covariates (at Gondar University Teaching and Referral Hospital, during 
2010-2017)     
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Appendix 5: Residual plots 
   
Figure 5: Cumulative hazard versus Cox-Snell residual plot for weibull regression for 
baseline hazard and gamma distribution for frailty term (at Gondar University Teaching 
and Referral Hospital, during 2010-2017)   
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Figure 6: Schoenfeld residual by independent variables to check the validity of the PH 
assumption (at Gondar University Teaching and Referral Hospital, during 2010-2017).  
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